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[57] ABSTRACT

A semiconductor light-emitting device includes a plu-
rality of light-emitting elements disposed on a single
substrate. Each light-emitting element includes a plural-
ity of light-emitting regions that can be driven indepen-
dent of each other to emit light. The largest spacing
between light-emitting regions of each light-emitting
element is selected such that light emitted from any of
the light-emitting regions of that element can impinge
on the same light-responsive element associated with

that light-emitting element.

10 Claims, 10 Drawing Sheets
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1
SEMICONDUCTOR LIGHT-EMITTING DEVICE

The present invention relates to a semiconductor
light-emitting device including a plurality of light-emit-
ting elements disposed on a single substrate.

BACKGROUND OF THE INVENTION

Data transfer between electronic computers may be
achieved by means of light, such as laser light. A semi-
conductor laser device as shown in FIG. 1 may be
frequently used as such laser light providing means, in
which a plurality of light-emitting elements are dis-
posed on a single substrate. If a laser device is of a type
which emits a single light ray, 2 number of laser devices
equal to the number of desired light rays must be pro-
vided, which requires a large space for such semicon-
ductor laser devices and also increases the cost of the
devices. Such problems can be solved by a semiconduc-
tor laser device such as the one shown in FIG. 1.

The semiconductor laser shown in FIG. 1 is shown
and described in ELECTRONICS LETTERS, Vol. 24,
No. 4, Feb. 18, 1988. Each one of light-emitting regions
11s of a double-heterojunction structure and is disposed
in one of light-emitting elements 8.

In operation, a forward bias is applied between a
p-side electrode 4 and an n-side electrode 3 of a light-
emitting element 8. Respective light-emitting elements 8
are electrically insulated from each other by separation
grooves 10 disposed at boundaries 7 between adjacent
elements 8. Thus, it is possible to cause respective ele-
ments to be individually excited to emit light.

Since only one light-emitting region is present for
each light-emitting element 8 of the semiconductor laser
device shown in FIG. 1, if even only one of a plurality
of light-emitting regions 1 is found to be defective after
the completion of the device, the entire semiconductor
laser device must be rejected. regardless of whether the
remaining light-emitting regions 1 are acceptable. Ac-
cordingly, the percentage of rejected semiconductor
devices including a plurality of light-emitting elements
8 1s higher than that of semiconductor lasers each in-
cluding only one light-emitting element 8.

Furthermore, if any one of light-emitting elements 8
fails during operation, the semiconductor laser device
including that light-emitting element must be replaced,
which is not economical.

Another problem is that heat generated by each light-
emitting region 1 is conducted to adjacent light-emit-
ting elements 8 and thermally affects them. That is, heat
generated by light-emitting elements 8 adversely affects
the light-emitting characteristics of other elements 8.

Japanese Unexamined Patent Publication No. HEI
1-204235 discloses a semiconductor laser device includ-
ing a plurality of light-emitting points on a single sub-
strate with varying spacing between adjacent light-
emitting points. If any one of the light-emitting points of
a semiconductor laser device fails, another point cannot
be a substitute for it, and, therefore, that laser device
must be rejected.

Japanese Unexamined Patent Publication No. SHO
61-184738, Japanese Unexamined Patent Publication
No. HEI 2-97082, and Japanese Unexamined Patent
Publication No. SHO 63-111688 disclose semiconductor
lasers including a plurality of light-emitting points
which can be independently driven. However, the semi-
conductor laser devices also have the same problems as
those associated with the above-described devices.
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2

The present invention is to provide a semiconductor
laser devices free of the above-described problems.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, a
semiconductor light-emitting device includes a plurality
of light-emitting elements disposed on a single substrate
in such a manner as to emit light directed to associated
light-responsive sections. Each of the light-emitting
elements includes a plurality of light-emitting regions
which can be independently driven to emit light. The
spacing between the light-emitting regions is deter-
mined such that light emitted from the light-emitting
regions can mmpinge on the light-responsive section
associated with the light-emitting element to which the
light-emitting regions belong.

According to a second aspect of the invention, the
plurality of light-emitting regions of each light-emitting
element are disposed at a location closer to one of adja-
cent light-emitting elements so that the ratio of inter-
secting dimensions of wire bonding regions for a plural-
ity of electrodes for those light-emitting regions is
closer to unity (1) and the wire bonding regions to over-
lie substantially the entire surface of the light-emitting
element.

According to a third aspect of the present invention,
a plurality of light-emitting regions of each of pairs of
adjacent light-emitting elements are disposed at loca-
tions in the respective light-emitting elements of that
pair close to the boundary between the two light-emit-
ting elements.

According to a fourth aspect of the invention, a re-
cess 1s formed in the surface of the substrate opposite to
the surface in which the plurality of light-emitting re-
gions are disposed, and at a location near the plurality of
hight emitting-regions for each light-emitting element,
and a heat sink is disposed in the recess.

According to a fifth aspect of the invention, a heat
sink 1s disposed in a recess in the opposite surface of the
substrate at a location between a plurality of light-emit-
ting regions of a light-emitting element and a plurality
of hight-emitting regions of an adjacent light-emitting
element.

According to a sixth aspect of the present invention,
a heat sink is disposed in a recess formed in the opposite
surface of the substrate at a location near the light-emit-
ting regions of each light-emitting element which are
disposed closer to one of adjacent light-emitting ele-
ments.

According to a seventh aspect of the invention, a
recess 1s formed in the opposite surface of the substrate
at a location between a plurality of light-emitting re-
gions of each light-emitting element and a plurality of
light-emitting regions of an adjacent light-emitting ele-
ment, and a heat sink is disposed in each recess.

Further, according to an eighth aspect of the present
invention, a recess is formed in the opposite side of the
substrate at a location close to a plurality of closely
disposed light-emitting regions of each pair of light-
emitting elements, and a heat sink is disposed in each
recess.

According to the present invention, if even only one
of light-emitting regions of each light-emitting element
of manufactured semiconductor light-emitting device
can properly operate, that light-emitting device can be
accepted. That is, since each light-emitting element of
the semiconductor light-emitting device of the present
Invention is provided with a predetermined plural num-
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ber of light-emitting regions which can be individually
driven and are spaced by a predetermined distance from
each other so as to direct respective emitted light to
impinge on an associated light-receiving section, any
one of a plurality of light-emitting regions can be used.

A plurality of wire bonding regions for respective
ones of a plurality of light-emitting regions of each
light-emitting element are disposed on one of major
surfaces of that light-emitting element. In a semiconduc-
tor light-emitting device according to the second, third,
sixth, seventh or eighth aspects of the present invention,
since a plurality of light-emitting regions of each light-
emitting element are disposed at a location closer to one
of adjacent light-emitting elements, the wire bonding
region for each of a plurality of electrodes for the light-
emitting regions can be so shaped as to have two or-
thogonal dimensions in the ratio of unity (1), and further
substantially the entire surface area of each light-emit-
ting element can be used for the wire bonding regions.
Thus, bonding of wires becomes easier, and, therefore,
the number of devices which could be rejected due to
unacceptable bonding can be reduced.

The semiconductor light-emitting device incorporat-
ing the third or eighth aspect is so arranged that adja-
cent light-emitting elements are paired with a plurality
of light-emitting regions are disposed close to the bor-
der between that pair of light-emitting elements. This
enables close positioning of two light-receiving sections
associated with each pair of light-emitting elements.
For example, when light-receiving sections are cores of
an optical fiber, 1t 1s possible to make respective light
rays from two hight-emitting elements of each pair enter
respective cores in that optical fiber. Consequently, it is
possible to arrange one optical fiber for a pair of light-
emitting elements.

The semiconductor light-emitting device of the pres-
ent invention may include a sink which can dissipate
heat generated when each of light-emitting regions
emits light, so that heat generated by respective light-
emitting elements is not transferred to other elements.
Thus, hight-emitting elements are not thermally affected
by other elements, and, therefore, characteristics of the
respective light-emitting elements can be stabilized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a conventional
semiconductor laser device including a plurality of
light-emitting elements;

FIGS. 2(a) and 2(b) are cross-sectional and plan
views, respectively, of a semiconductor laser device
according to a first embodiment of the present inven-
tion:

FIGS. 3(a) and 3(b) are cross-sectional and plan
views, respectively, of a semiconductor laser device
according to a second embodiment of the present inven-
tion;

FIG. 4 1s a cross-sectional view of a semiconductor
laser device according to a third embodiment of the
present invention;

FIG. 5 1s a cross-sectional view of a semiconductor
laser device according to a fourth embodiment of the
present invention;

FIG. 6 1s a cross-sectional view of a semiconductor
laser device according to a fifth embodiment of the
present invention,;

FIG. 7 1s a cross-sectional view of a semiconductor
laser device according to a sixth embodiment of the

present invention;
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FIG. 8 is a cross-sectional view of a semiconductor
laser device according to a seventh embodiment of the
present invention;

FIG. 9 is a cross-sectional view of a semiconductor
laser device according to a eighth embodiment of the
present invention; and

FIG. 10 shows an end surface of an optical fiber
which may be used with the semiconductor laser device
according to the third or eighth embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FI1G. 2 shows a semiconductor laser device embody-
ing the present invention. As shown in FIG. 2(e), the
semiconductor laser device includes two or more light-
emitting elements 11 (three being shown in FIG. 2(a)),
which are on a single p-type InP substrate 2. Light-
emitting elements 11 are identical with each other. Each
of light-emitting elements 11 includes two double
heterojunction light-emitting regions 1. This laser de-
vice may be used with, for example, an optical fiber
system, with the end surface of the core of each optical
fiber being disposed to face two light-emitting regions 1
which belong to the same one light-emitting element 11.
For that purpose, the spacing between two light-emit-
ting regions of the same light-emitting element 11 is
smaller than the diameter of the core facing them. In
operation, light-emitting elements 11 are independently
driven, with one of two regions 1 of each light-emitting
element 11 being driven to emit light.

Because the semiconductor laser device is con-
structed such that either one of two light-emitting re-
gions 1 of each light-emitting element 11 can be used, if
either one of the two regions is defective (e.g. its light-
emitting characteristics being outside a permissible
range), the other one can be used for the intended pur-
pose. Thus, if only either one of light-emitting regions 1
of each of light-emitting elements 11 of a semiconductor
laser device 1s operable, that device is acceptable. Ac-
cordingly, the yield of semiconductor laser devices is
improved.

Furthermore, if one of two light-emitting regions 1
fails during operation, the other is used in place of the
failed region. Thus, the life of semiconductor laser de-
vices can be prolonged relative to the conventional
device shown in FIG. 1 in which each light-emitting
element 8 includes only one light-emitting region 1.

The semiconductor laser device shown in FIG. 2(a)
has the following structure. Respective light-emitting
clements 11 are disposed on single p-type InP substrate
2. Each light-emitting element 11 includes two centrally
located spaced, parallel grooves 12 formed in the top
surface of substrate 2. Further, each element 11 in-
cludes, over the entire top surface of substrate 2, except
grooves 12, n-type InP blocking layers 13 (designated
13a and 13) for respective light-emitting regions 1 of
each element 11) and p-type InP blocking layers 14
(designated 14ag and 1446 for respective regions 1) suc-
cessively grown. P-type InP lower cladding layers 15
(15a, 156) and InGaAsP active layers of light-emitting
regions 1 (1a, 1), are disposed in grooves 12. N-type
InP upper cladding layers 16 (164, 16b) and n-type In-
GaAsP contact layers 17 (17a, 17b) are sequentially
grown over p-type InP blocking layers 14q, 146 and
InGaAsP active layers 1aq, 15.

As shown In FIG. 2(a), an insulating region 5 separat-
ing adjacent light-emitting regions is disposed between
two light-emitting regions 1a, 16 of each light-emitting
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element 11, and an insulating region 6 separating adja-
cent light-emitting elements is disposed at a boundary 7
between two adjacent elements 11. Insulating regions 5
and 6 extend along the direction of grooves 12 and also
extend in the depth direction through contact layers 17, 5
upper cladding layers 16, p-type blocking layers 14, and
n-type blocking layers 13 into substrate 2. Active layer
insulating region 5 and light-emitting element insulating
region 6 are of, for example, S10,, SiN or photosensitive
polyimide.

As shown in FIG. 2(a), on top of each light-emitting
element 11, p-side electrodes 4¢ and 44 (4) are disposed
for respective light-emitting regions 1a and 16, and an
n-side electrode 3 common to all of light-emitting ele-
ments 11 is disposed on the bottom surface of substrate
2.

As shown in FIG. 2(4), p-side electrodes 4a and 4b
comprise straight portions 182 and 184, respectively,
extending in the direction of light-emitting regions 1a
and 15, and rectangular wire bonding regions 192 and
196 joined to straight portions 18¢ and 18b, respec-
tively. Wires (not shown) may be bonded to respective
ones of two bonding regions 192 and 195, or a wire may
be bonded to only one of bonding regions for one of
hght-emitting regions 1g and 15 exhibiting better light- 25
emitting characteristics.

Examples of dimensions of respective portions are as
follows. The spacing A (see FIG. 2(a)) between two
light-emitting regions 12 and 15 of each light-emitting
element 11 is about 30 um. With this spacing, when an 30
optical fiber (not shown) including a core having a
diameter of, for example, 40 um is disposed in front of
each light-emitting element 11, light emitted from either
one of two light-emitting regions 1a and 15 can enter
into and travel through the same core. Thus, if it is 35
desired to use a semiconductor laser device with an
optical fiber having a core of, for example, 10 um diam-
eter, the spacing A between light-emitting regions la
and 16 may be less than 10 um.

‘Thickness B of the light-emitting element 11 is about 40
100 pm, the width (see FIG. 2(b)) is about 300 um, and
the length is about 300 um. Examples of dimensions of
p-side electrodes 4a and 4b are also shown in um in
FIG. 2(4). The width of the groove 5 is about 10 um,
the width of the narrow parts of the electrodes 18z and 45
186 1s about 20 um, and the width of the wide parts of
the electrodes 192 and 195 is about 95 pum more than the
widths of the electrodes 18z and 185. The wider parts of
the electrodes 19¢ and 194 are about 100 um long.

In operation, a forward bias is applied between the 50
p-side electrode 4 for a desired one of light-emitting
regions 1la and 14 and n-side electrode 3. For example,
if region 1a is to be driven to emit light, a forward bias
1s applied between p-side electrode 44 and n-side elec-
trode 4. As shown in FIG. 2(a), since active layer insu-
lating region 5§ 15 disposed to extend into substrate 2 so
that two active light-emitting regions 1¢ and 14 are
electrically separated, no electrical interference will
occur between two regions 1a and 14 in the same light-
emitting element 11. Furthermore, light-emitting ele-
ment separating insulating region 6 which extends into
substrate 2 prevents electrical interference between

adjacent light-emitting elements 11.
A second embodiment of the present invention is

described with reference to FIGS. 3(a) and 3(5). What
1s different from the embodiment shown in FIG. 2 is
that while in the first embodiment, the two light-emit-
ting regions are centrally located in each element, two
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light-emitting regions 1a and 15 of each light-emitting
element 20 are displaced to one side, the left side in the
illustrated embodiment, of each light-emitting element
20. As n the first embodiment, an active layer separa-
tion insulating region 5 is disposed between light-emit-
ting regions 1z and 1% which are spaced from each
other by, for example, about 30 um as in the first em-
bodiment. Examples of distance of a respective one of
light-emitting regions 1la and 15 from the boundary
between that element and an adjacent light-emitting
element 20 are also shown in FIG. 3(q).

As shown in F1G. 3(q), p-side electrodes 21a and 215
for respective ones of light-emitting regions 1¢ and 14,
include straight portions 18a¢ and 1856, which extend
along and parallel to each other in the left side of each
element 20, and wire bonding regions 22a and 225,
respective, which are joined by respective connecting
portions to straight portions 184 and 185. Dimensions of
each of wire bonding regions 22a and 225 are, for exam-
ple, about 160 um wide and about 120 um long as
shown in FIG. 3(b).

In the semiconductor laser device according to the
second embodiment, straight portions 18a and 186 of
p-side electrodes 21a and 2156 are located on the left
edge of each light-emitting element 20. Accordingly,
the top surface area where wire bonding regions 22aq
and 224 are disposed is not divided into two parts. Con-
sequently, wire bonding regions 222 and 224 can have
such a shape that the ratio of width to length is unity,
and, at the same time, it becomes possible to utilize as
large an area of the top surface as possible for wire
bonding regions 222 and 22b. In other words, the re-
spective wire bonding regions 22z and 22b are substan-
tially square, as shown in FIG. 3(4), having a width of,
for example, 160 um and a length of, for example, 120
pm. In contrast, wire bonding regions 19z and 195 of
the first embodiment shown in FIG. 2 are approxi-
mately square, and their width and length are 95 um
and 100 um, respectively. It is seen that wire bonding
regions 22a and 225 have larger dimensions than wire
bonding regions 19a and 196 and can occupy a larger
area of the top surface of each light-emitting element 20.
This enables the use of a wire bonding machine of less
precision than the one which may be used for the first
embodiment. In other words, the number of rejects
which would be produced during the bonding step can
be made smaller than in the first embodiment.

It should be noted that in the first embodiment, as
shown i FIG. 2(b), although the maximum length of
each wire bonding region 194, 196 can be about 300 um,
the width cannot be greater than 95 um. Even if the
length can be large, it is not possible to use a less preci-
sion bonding machine if the width cannot be made
large.

The remaining portions of the laser device according
to the second embodiment shown in FIG. 3 are identical
similar to the corresponding portions of the device
shown in FIG. 2, and, therefore, they are not explained
further.

A third embodiment is shown in FIG. 4. According
to this embodiment, two adjacent two light-emitting
elements 23 are paired, and the light-emitting region (1a
, 15 ) of each element 23 is disposed close to boundary
7 with the adjacent element 23 of the pair. Thus, as
shown in FIG. 4, two light-emitting elements 23 of one
pair are formed symmetrical with respect to boundary 7
therebetween. Four light-emitting regions 1a, 16 of
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adjacent light-emitting elements 23 are spaced from
respective adjacent regions by 30 um, for example.

In use, one optical fiber 24 shown in FIG. 10 is as-
signed to one pair of light-emitting elements 23. As
shown in FIG. 10, the optical fiber includes two cores
25. The spacing between four adjacent light-emitting
regions i1s determined such that the end surface of one of
cores 25 can face two light-emitting regions 12 and 15 of
one of a pair of light-emitting elements 23, while the
other of cores 25 can face to two light-emitting regions
1a and 16 of the other element 23. The spacing between
two regions 1a and 14 of each element 23 1s smaller than
the diameter of core 25. The optical fiber system 1s
operated by driving either one of two light-emitting
regions 1a and 1b of each light-emitting element 23.

The number of optical fibers can be about one half the
number necessary for the conventional device shown in
FIG. 1, since one optical fiber is sufficient for a pair of
light-emitting elements 23. Furthermore, as in the first
embodiment, if one of two light-emitting regions 1z and
15 is defective, the other one can be used. Although not
shown, the shape of p-side electrodes 21a and 21J is
substantially the same as that of p-side electrodes 21a
and 215 of the second embodiment shown in FIG. 3(5).
Thus, a bonding machine of less precision than used for
the first embodiment can be used.

The remaining portions of the semiconductor laser
device shown in FIG. 4 are similar to those of the de-
vice of the first embodiment shown in FIG. 2, and the
device of FIG. 4 operates in a similar manner to the
device of FIG. 2. Accordingly, explanations of those
structures and their operation are not repeated.

FIG. 5 shows a fourth embodiment. The semiconduc-
tor laser device of FIG. § comprises a semiconductor
laser device similar to that shown in FIG. 2, with a heat
sink 27 for each light-emitting element 26. A recess 1s
formed in the bottom surface of substrate 2 at a location
beneath each light-emitting element 26, and a heat sink
27 1s disposed in each recess. Each heat sink 27 extends
in the same direction as active layer 1 (1.e. in the direc-
tion perpendicular to the plane of the paper of FIG. §),
and, as shown in FIG. §, the cross-section is substan-
tially semi-circular. Each heat sink 27 is formed of, for
example, Au, Ag, Ni, Al, Cu or the like. Examples of
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respective heat sink dimensions are 150 to 250 um in 45

length, separations of 50 to 150 um between adjacent
heat sinks, and thicknesses of about 20 to 80 um.

Heat generated by light-emitting regions la , 1 is
efficiently dissipated through heat sink 27 located be-
neath them. This prevents heat generated by one light-
emitting region from being transferred to light-emitting
regions of an adjacent element 26. Therefore light-emit-
ting elements 26 of FIG. 5 are not thermally affected by
each other, and, therefore, the light-emitting character-
istics of respective light-emitting regions can be held
stable.

A fifth embodiment of the invention is described with
reference to FIG. 6. The semiconductor laser device of
this embodiment comprises a semiconductor laser de-
vice similar to the one shown in FIG. 2 and a heat sink
27 disposed at each boundary 7 between two adjacent
light-emitting elements 28. A recess 1s formed in the
bottom surface of substrate 2 at each boundary 7 be-
tween two adjacent light-emitting elements 28, and a
heat sink 27 1s disposed 1n each recess. The dimensions
and material of heat sinks 27 may be the same as those
or the fourth embodiment shown in FIG. 5. Heat sinks
27 extend 1n the same direction as the active layers 1.
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A sixth embodiment of the invention is described
with reference to FIG. 7. As shown in FI1G. 7, the semi-
conductor laser device according to this embodiment
comprises a device similar to the one shown 1n FIG. 3,
and a heat sink 27 disposed beneath light-emitting re-
gions of each lhight-emitting element 29. A recess is
formed in the bottom surface of the substrate 2 at a
location beneath the light-emitting regions 1a, 16 of
each element 29, and a heat sink 27 is disposed in that
recess. The dimensions and material for the heat sinks
27 may be the same as those of the heat sinks 27 of the
device according to the fourth embodiment shown in
FI1G. 5. The heat sinks 27 extend in the direction along
the active layers 1. The heat sinks dissipate heat gener-
ated by the light-emitting regions when they are operat-
ing, to thereby maintain the operating characteristics of
the respective light-emitting regions stable.

The structure of the device of FIG. 7 1s substantially
the same as those of the device shown in FIG. 5 except
for the heat sinks 27, and it operates 1n 2 manner similar
to that of the device of FIG. 5. Therefore no further
explanation of structure or operation is needed.

FIG. 8 shows a semiconductor laser device according
to a seventh embodiment of the present invention. Ac-
cording to this embodiment, a heat sink is provided for
each of light-emitting elements of a semiconductor laser
device similar to the one shown in FIG. 3, as the sixth
embodiment shown in FIG. 7. However, the location of
each heat sink 27 is different from that of the heat sinks
27 shown 1n FIG. 7. A heat sink 27 of FIG. 8 is disposed
in a recess which is formed in the bottom surface of a
substrate 2 at a location between two light-emitting
regions 1a, 16 of each light-emitting element 30 and an
adjacent light-emitting element. The dimensions and
material for the heat sinks 27 may be the same as those
of the heat sinks shown in FIG. §. The heat sinks 27
extend in the same direction as the active layers 1.

According to the seventh embodiment, heat gener-
ated by light-emitting regions 1q, 15 and transferred to
locations between adjacent two sets of regions 1a, 1b is
dissipated efficiently by the heat sinks 27. Thus, substan-
tially no heat generated by light-emitting regions 1a, 14
of respective light-emitting elements 30 is transferred to
respective adjacent ones of light-emitting elements 30
sO that the operating characteristics of the respective
light-emitting regions are maintained stable.

The structure of the semiconductor laser device of
F1G. 8 1s similar to that of the device shown in FIG. 3,
except for the heat sinks 27, and it can operate in a
similar manner to the device of FIG. 3. Accordingly, no
further explanation of the structure or operation is
needed.

A semiconductor laser device according to an eighth
embodiment of the present invention is shown in FIG.
9. The semiconductor laser device of this embodiment
comprises a semiconductor laser device similar to the
one shown in FIG. 4, and a heat sinks 27 is provided for
each pair of adjacent light-emitting elements 31. A re-
cess is formed in the bottom surface of a substrate 2 at a
location beneath four light-emitting regions 1la, 16 of
each pair of light-emitting elements 31 disposed close to
the boundary 7 between that pair, and a heat sink 27 is
disposed in that recess. The dimensions and material of
the heat sink can be the same as those of the heat sinks
shown in FIG. 5. Similar heat sinks are disposed at the
respective boundaries 7 between respective pairs of
light-emitting elements 31. The heat sinks 27 extend in
the same direction as the active layers 1.
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Since each heat sink 27 is disposed beneath four light-
emitting regions of each pair of adjacent light-emitting
elements 31, 1t can efficiently dissipate heat generated
by hght-emitting regions 1a, 15 when they are operat-
ing, so that the operating characteristics of the respec- 5
tive light-emitting regions 1a, 15 can be maintained
stable.

The semiconductor laser device of this embodiment
has substantially the same structure as the device shown
in FIG. 4, except for the heat sinks 27, and operates in
a similar manner to the device of FIG. 4. Accordingly,
no further explanation is needed.

The present invention has been described to have two
hght-emitting regions in each light-emitting element,
but each light-emitting element may include therein
three or more light-emitting regions. In such a case, t0o,
the largest distance between light-emitting regions must
be smaller than the diameter of one core of an optical
fiber with which the semiconductor laser device is used.
An insulating region similar to the region § of the first
embodiment shown in FIG. 2 is disposed between adja-
cent hight-emitting regions of the same light-emitting
element to insulate them from each other.

In case three or more light-emitting regions are pro-
vided for each light-emitting element in the second,
third, sixth, seventh and eighth embodiments respec-
tively shown in FIGS. 3, 4, 7, 8 and 9, the same number
of wire bonding regions for p-side electrodes must be
used. In this case, too, the ratio of width to length of
each of the three or more wire bonding regions may be
made approximately unity (1), and such wire bonding 30
regions may cover substantially the entire top surface
area corresponding to each light-emitting element.

The shape of the heat sinks are described to be sub-
stantially semi-circular, but another shape, such as a
rectangle, triangle, polygon, may be employed. Fur- 35
thermore, the heat sinks are described to be provided
one for each light-emitting element or for each pair of
light-emitting elements, but plural heat sinks may be
provided for each light-emitting element or for a pair of
light-emitting elements.

In addition, although the present invention has been
described in terms of semiconductor laser devices, the
present invention is also applicable to a light-emitting
diode.

Generally, the present invention is applicable to any
semiconductor light-emitting device which includes a
plurality of light-emitting elements disposed on a single
substrate.

Further, light-responsive sections can be any light-
responsive elements besides optical fiber cores, such as
photodetectors.

What is claimed is:

1. A semiconductor light-emitting device comprising
a substrate and at least first and second contiguous light-
emitting elements disposed on said substrate, each of
said first and second light-emitting elements including >°
first and second spaced apart light-emitting regions that
can be independently driven to emit light, wherein
respective distances between said first and second light-
emitting regions within each of said first and second
light-emitting elements are smaller than distance be-
tween said light-emitting regions of said first light emit-
ting element and said light-emitting regions of said sec-
ond light emitting element.

2. The semiconductor light-emitting device accord-
ing to claim 1 wherein said first and second light-emit-
ting regions of said first and second light-emitting ele-
ments are not centrally located within the respective
first and second light-emitting elements and including a
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plurality of electrodes with respective wire bonding
regions for the respective light-emitting regions of said
first and second light-emitting elements, each wire
bonding region having a width and a length, the ratio of
the width to the length of each wire bonding region
being substantially unity, each wire bonding region
covering substantially an entire top surface of the re-
spective light-emitting element.

3. The semiconductor light-emitting device accord-
ing to claim 1 wherein said substrate includes a respec-
tive recess within each of said first and second light-
emitting elements opposite the respective first and sec-
ond light-emitting regions of the respective light-emit-
ting elements and comprising a heat sink disposed in
each recess.

4. The semiconductor light-emitting device accord-
ing to claim 1 wherein said substrate includes a recess
within said first and second light-emitting elements and
comprnising a heat sink disposed in each recess.

3. The semiconductor light-emitting device accord-
ing to claim 2 wherein said substrate includes a respec-
tive recess within each of said first and second light-
emitting elements opposite the respective first and sec-
ond light-emitting regions of the respective light-emit-
ting elements and comprising a heat sink disposed in
each recess.

6. The semiconductor light-emitting device accord-
ing to claim 2 wherein said substrate includes a recess
within said first and second light-emitting elements and
comprising a heat sink disposed in each recess.

7. A semiconductor light-emitting device comprising
a substrate and at least first, second, and third contigu-
ous light-emitting elements disposed on said substrate,
each of said first, second, and third light-emitting ele-
ments including first and second spaced apart light-
emitting regions that can be independently driven to
emit light, wherein respective distances between said
first and second light-emitting regions within each of
said first, second, and third light-emitting elements are
smaller than distances between said light-emitting re-
gions of said second light-emitting element and said
light-emitting regions of one of said first and third light-
emitting elements.

8. The semiconductor light-emitting device accord-
ing to claim 7 wherein said substrate includes a recess
within two contiguous pairs of said light-emitting ele-
ments and comprising a heat sink disposed in the recess.

9. A semiconductor light-emitting device comprising
a substrate, at least first and second contiguous light-
emitting elements disposed on said substrate, and first,
second, and third separation grooves, the first separa-
tion groove defining a boundary between said first and
second light-emitting elements, the second and third
separation grooves defining other boundaries of said
first and second light-emitting elements, respectively,
each of said first and second light-emitting elements
including first and second spaced apart light-emitting
regions that can be independently driven to emit light,
wherein distances between said first and second light-
emitting regions within each of said first and second
light-emitting elements and the first separation groove
are smaller than distances between said first and second
light-emitting regions within the respective light-emit-
ting elements and the second and third separation
grooves.

10. The semiconductor light-emitting device accord-
ing to claim 9 wherein said substrate includes a recess
within said first and second light-emitting elements and

comprising a heat sink disposed in the recess.
* %k * )
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